The fluorescent materials present in human and cat hair as a result of infection with Microsporon canis, M . audouini and Trichophyton schoenleini were extracted with dilute ammonia. Paper chromatography and electrophoresis showed that the principal fluorescent material was common to all these infections and that further fluorescent substances were present in the extract from 2 ' . schoenleini infected hair. Chemical properties and absorption spectra of the extracts have been examined.
The brilliant green fluorescence in Wood's light shown by hairs infected with Microsporon canis, M. audouini and Trichophyton schoenleini was first noticed by Margarot & Dev&ze (1925) and is now an accepted method of diagnosis in cases of small-spore ringworm, although the nature of the fluorescent material has not been determined. Davidson & Gregory (1932) showed that it could be readily extracted from the hairs by hot water and, working with a crude extract, they showed the presence of a substance or substances containing nitrogen, phenolic and aldehyde groups but no ninhydrin-reacting substances. Felsher (1949) extracted the hairs with cold 2~-sodium bromide and showed colour changes of the fluorescence with pH, and quenching by a number of salt solutions. Robinson, Figge & Bereston (1953) described spectroscopic studies made on an aqueous extract of hair infected with Microsporon audouini; they purified their extract by shaking with a mixture of alumina, aluminium silicate and talc under unspecified conditions. Infra-red spectra showed the presence of material containing a substituted amide group, hydroxyl, methyl and amino groups. The present work describes a comparison of the fluorescent substances produced by the three fungi, and indicates certain common products and the presence of additional fluorescent materials in the extract from the Trichophyton schoenleini infection. Isolation of the pure substances has not been achieved, principally owing to the very small amounts available.
MATERIALS AND METHODS
Infected hair. This was obtained from patients in Leeds and Huddersfield and also in the case of infections due to Microsporon canis from the hair of cats infected with Microspmon. Hair was also obtained from a case of f a n s which occurred in an Italian immigrant. Mycological identification of the fungus was made in all cases.
Extraction of theJEuorescent material, Infected hair was extracted with ether Ultraviolet absorption spectra. These were determined using a Unicam Spectrophotometer with a 2 mm. cell and water as the blank.
RESULTS

Chromatography of the Juorescent materials
In order to examine for the possible presence of fluorescent materials in normal hair a sample of uninfected hair from children was extracted in the same way as for infected hair. The amount of hair used was approximately 50 times that of the infected hair and the resultant extract showed considerable fluorescence of a darker blue than that seen in infected hair extracts. A chromatogram developed with n-butanol/glacial acetic acid/water mixture showed : (a) some faint fluorescence which had not moved from the starting point; (b) a dark blue slowly moving fluorescent spot; ( c ) a faint blue fast moving spot.
Extracts of hair infected with any of the three fungi contained considerable amounts of material which reacted with ninhydrin, and an attempt was made to find solvent mixtures which would give good separation of the fluorescent materials and at the same time separation from ninhydrin-reacting substances. The butanol/acetic acid/water and butanol/ethanol/ammonia/water mixtures proved the most satisfactory of the many tried.
Extracts from hair infected by each fungus were examined separately and compared. Chromatograms of all three extracts showed a main brilliant greenish blue fluorescent spot, which was not present in the extract of normal hair, moving in each case and with all solvent mixtures used to an identical position (91. 1, fig. 1 a-c; fig. 2 a, b) . A dark blue fluorescent spot was also clearly seen a little below this in extracts of hair infected by Microsporon canis and Trichophyton schoenleini (Pl. 1, fig. 1 &-; fig. 2 c ) but was only very faintly visible in chromatograms of the Microsporon audouini extracts. This latter blue spot occurred in the same position as the slow moving dark blue spot present in the chromatogram from normal hair. A faint light-blue fluorescent spot was present in extracts from hair infected by M . canis and showed much more strongly in that from the Trichophyton schoenleini infection (Pl. 1, fig. 1g-i) . This spot was not found in normal hair extract and has not been seen in extracts from hair infected by Microsporon audouini. Additional fluorescent spots, yellow and light blue, were present only in the extract from Trichophyton schoenleini infected hair (Pl. 1, fig. lj-m) .
P1. 1, fig. 2 , shows the result of spraying with ninhydrin a chromatogram prepared from the extracts of Microsporon canis and M . audouini infected hair and indicates the considerable separation which can be achieved of the fluorescent materials from ninhydrin-reacting material. This fact was utilized in the purification of the main green fluorescent material from such extracts. The initial hair extract was run on a chromatogram on Whatman no. 3 paper with the n-butanollacetic acid/water mixture, the main fluorescent band eluted with 1 . 1 7~-N H , by shaking at room temperature for 20 min. followed by immediate concentration in vacuo to low volume and the procedure repeated using the n-butanol/ethanol/ammonia/water mixture. The final eluate was not entirely free from ninhydrin-reacting material.
Attempts to purify the material by column chromatography using kieselguhr, Decalso and Whatman powdered filter-paper showed no adsorption of the fluorescent material. When the fluorescent material was dissolved in 60 % (v/v) isopropanol and added to a column of alumina (British Drug Houses Ltd. alumina for chromatographic analysis) the fluorescent substance was strongly adsorbed at the top of the column and resisted all attempts at elution. Mixtures of kieselguhr and alumina in differing proportions yielded the same result.
Paper electrophoresis. Further evidence for the identity of the green and dark-blue fluorescent spots in the extracts from Microsporon canis and Trichophyton schoenleini infected hair was obtained by paper electrophoresis (Pl. 2, fig. ad-g ), but the light-blue fluorescent spot seen in chromatograms of these extracts was only seen in the extract from the T . schoenleini infection (Pl. 2, fig. 3 b ) . All three materials moved towards the anode indicating that they were negatively charged at pH 8.0.
The 'additional fluorescent materials found in chromatograms from the T . schoenleini infection are also seen. (Pl. 2, fig. 3a, c) ; the blue fluorescent spot moved a short distance towards the anode, while the yellow spot moved a very short distance from the starting-point towards the cathode, this move- Ultraviolet absorption spectra. The spectra of a number of the purified extracts from Microsporon canis and M . audouini infected hair were examined in the range of pH 6-7. All showed strong end absorption but no constant characteristic curve was obtained, as also reported by Robinson et al. (1953) for extracts of M . audouini infected hair. Below 300 mp the results varied considerably from one extract to another; with extracts from smaller amounts of fluorescent hair no specific absorption between 300 and 400 mp. was found. With the more concentrated extracts there was a small amount of light absorption between 310 and 340 mp. not seen in weaker solutions, although these were still strongly fluorescent. It seems probable that the fluorescent substance has not yet been obtained sufficiently concentrated to give a characteristic spectrum.
Chemical properties
Extracts of the principal greenish blue fluorescent material from Microsporon canis and M . audouini infected hair, purified by chromatography as described above and concentrated finally to a volume of c. 1.0 ml., were subjected to a number of spot tests. The final concentrate was pale yellow in colour, slightly opalescent, exhibited a vivid greenish blue fluorescence in ultraviolet light, and on evaporation to dryness left a just discernible yellowish residue. The tests for aldehyde and phenolic groups used by Davidson & Gregory (1932) both yielded positive results. A sample, 0.1 ml., of the concentrate was dried drop by drop on filter-paper and sprayed with 2:P-dinitrophenylhydrazine but no colour change was discernible. Treatment of 0.2 ml. of concentrate with this reagent and warming for 30 min. at 37" led to the separation of a few crystals, visible microscopically, but insufFicient for characterization. The presence of a phenolic substance was confirmed by treatment with diazotized p-chloraniline. The aldehyde and phenolic group tests on the crude extract from Trichophyton schoenleini infected hair were also positive. Spraying of chromatograms with diazotized p-chloraniline followed by exposure to ammonia vapour, however, showed the phenolic substance to be associated with the dark blue fluorescent spot and not with the main fluorescent material. This finding was confirmed by spraying the results of paper electrophoresis with the same reagent; no colour with the phenolic reagent was given by the main fluorescent material. The presence of this dark blue fluorescent substance in the final eluate from chromatography was due to incomplete separation of the two fluorescent materials on the Whatman no. 3 paper. Examination of the crude extract of the T . schoenleini infected hair and of chromatograms developed from it gave the same results.
The fluorescence of extracts from hair infected with any of the three fungi was quenched immediately by the addition of bromine water or by sodium hydrosulphite, being regenerated in the latter case by shaking the solution in air, thus confirming the finding of Robinson et al. (1953) with a fluorescent extract of Microsporon audouini infected hair. There was no change in the fluorescence on treatment with hydrogen peroxide or sodium sulphite. No colour was given with ferric chloride.
DISCUSSION
Whilst growing as parasites in the hair root, Microsporon canis, M . audouini and Trichophyton schoenleini all cause the production of fluorescent substances in the cortex of the hair. They do not, however, produce these substances in artificial culture, so that the supply of fluorescent material is necessarily very limited, A number of attempts have been made to infect animals experimentally with Microsporon canis, but only small areas of infection have been obtained in guinea-pigs and all attempts to infect rats and mice have failed. The initial extract from the infected hair is a complex mixture of breakdown products of keratin and, presumably, other metabolic products from the invading fungus. Separation from ninhydrin-reacting substances by the techniques described was not complete and it is still an open question as to whether the main fluorescent substance is a peptide; Davidson & Gregory (1932) reported no ninhydrin-reacting material in their extracts, while Robinson et al. (1953) concluded from infra-red analysis of their extract from M . audouini infected hair, that the material resembled a peptide. They produced, however, no evidence that their procedure for purification had separated the fluorescent substance from all the other materials and in particular from the products of keratin breakdown known to be present in the initial aqueous extracts of infected hair, or from the fluorescent substances now shown to be present in normal hair. In view of the small amount of material available chemical properties can only be examined by spot tests, and every endeavour has been made to relate these results to areas of fluorescence as shown by paper chromatography, and only results which have been consistently positive on a series of extracts over the past 4 years have been recorded. 
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